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Abstract
The addition of various quantities of rawmaterials could be used in order to improve the physical and pyroscopic performances of
silica-alumina refractories manufacturing. Here we study the possibility of local kaolinitic clay (SB) valorization in low alumina
fireclay refractory materials manufacturing. Alumina-rich commercial kaolin (AS) (33.4% alumina) was also used as an additive
to (SB) clay (24% alumina), to improve the physical and pyroscopic performances of the manufactured samples. The thermal
behavior of (SB) clay was studied to determine necessary parameters for the production of good chamotte. In order to elaborate
the refractory samples, two mixtures were optimized; mixture M1 (80 wt.% of chamotte (SB) and 20 wt.% of (SB) clay as a
binder in crude fine form) and mixture M2 (80 wt.% of chamotte (SB) and 20 wt.% of (AS) kaolin as a binder in crude fine form)
and sintered at 1350 °C for 2 h after compaction and molding. The obtained samples were characterized by their bulk density,
open porosity, shrinkage, cold crushing strength, microstructure by scanning electron microscope (SEM) micrographs, miner-
alogical composition, and their refractoriness under load. Our data suggest that the addition of the alumina-rich clay to the main
mixture enhances the refractoriness from 1198 to 1213 °C (T0.5), the mechanical behavior of the manufactured pellets from 36 to
44 MPa, and the mullite amount from 25 to 29%, and decreases the open porosity from 19.6 to 18.6 %.
Keywords Numidian Flysch . Tunisian kaolin . silica-alumina refractories . chamotte . mullite
Introduction
The geology of Tunisia is the result of a continuous and suc-
cessive progression. Indeed, the Tunisian territory contains
many useful geological resources and many deposits of raw
materials considered economically viable and attractive for
development. Among these raw materials, clays have been
already explored in the ceramics and cement industry.
Several works have been focused on the valorization of
Tunisian clays in the ceramics field (Jeridi et al. 2008;
Hachani 2011; Moussi et al. 2011; Bennour et al. 2015), and
have suggested promising and satisfactory results. Among the
well-used ceramic materials are refractories that are widely
used in industrial fields mainly in furnaces construction such
as electrical furnaces, blast furnaces, steel ladle, municipal
waste incinerators, glass melting furnaces, and cement rotary
kilns. Refractory materials, also, provide the protection of in-
stallations and reduce the thermal losses (Poirier 2011).
Silica-alumina refractories are mostly used in industrial
processes such as petrochemicals and consist of 30% of the
global market. Their manufacturing process requires sufficient
dimensional accuracy and volume stability by prefiring a part
of the clay between 1200 and 1500 °C (Routschka 2004) to
produce chamotte. This latter is considered a basic component
of those materials. Furthermore, chamotte transforms refrac-
tories into stable elements at high temperature and limits
shrinkage and cracking during drying and sintering processes
(Djangang et al. 2008; Minlheiro et al. 2005). Many research
studies have already been conducted on silica-alumina refrac-
tories (e.g., Amrane 2003; Kolli et al. 2007; Kolli 2008;
Djangang et al. 2008; Mécif 2010; Amrane et al. 2011;
Responsible Editor: Zeynal Abiddin Erguler
* Oumaima Grine
oumaima.grine@certe.rnrt.tn
1 Georessources Laboratory, CERTE, Bp, 273-8020 Soliman, Tunisia
2 Natural Water Desalination and Recovery Laboratory, CERTE, Bp,
273-8020 Soliman, Tunisia
3 Belgian Ceramic Research Center, Avenue Gouverneur Emile
Cornez 4, 7000 Mons, Belgium
4 Department of Geology, ILEE, Institute of Life Earth and
Environment, University of Namur, 5000 Namur, Belgium
https://doi.org/10.1007/s12517-021-08099-8
/ Published online: 31 July 2021
Arabian Journal of Geosciences (2021) 14: 1595
Seynou et al. 2013; Bouzidi 2012; Sadik et al. 2013; Sadik
et al. 2014 ).
In the recent years, some works carried out on refractory
materials have been concentrated on many important con-
cepts. The research works of Rahman et al. (2015) and
Sadik et al. (2016) have been focused on the exploration of
local low-cost materials such as kaolinitic clays and dolomite
to elaborate refractory materials with sufficient properties
without carrying out high-cost thermal or chemical treatments
or using expensive and rarely available materials such as
olivine, spinel, bauxite, cordierite, and zirconium. Another
concept that involves the protection of the environment
through the valorization of organic waste in insulating
refractories manufacturing was highlighted in some research
works such as Hassan and Aigbodion (2014) and Serra et al.
(2015). Also, studying degradation of refractories perfor-
mance under the conditions of use (Chen et al. 2015) and
refractory material recycling has been considered among the
most important concepts in recent years.
The refractory technology is not very advanced in Tunisia.
Consequently, the minorities of local refractory factories im-
port expensive raw materials (bauxite and kaolin) from China
and Ukraine or import commercialized refractory products.
The import rate heightens the dependence of the country. It
is worth investigating some local kaolinitic clays in fireclay
materials manufacturing to reduce raw materials importation
and to valorize rejects and low-cost substances. For this aim,
Tunisian kaolinitic clay (SB) from the Sidi Bader quarry has
been chosen to be evaluated in terms of its suitability to fire-
clay refractories elaboration because of its refractory potential.
The Sidi Bader clays have been studied in many recent works
in ceramic (Moussi 2012; Bennour et al. 2015), in the adsorp-
tion of textile dyes (Chargui et al. 2018), in geo-medicine
(Khiari 2017) and in mineralogical study (Felhi et al. 2008).
Commercial kaolin (AS) with higher alumina content was
used in this work, on the one hand, as an additive to (SB) clay
in order to compare the pyroscopic resistance with the me-
chanical behavior of refractory products, and on the other
hand, to study the effect of the chemical and mineralogical
compositions of the raw materials on the physical properties
of the elaborated pellets especially the refractoriness under
load, the mechanical resistance, and the open porosity. The
addition of kaolin (AS) was based on many studies adopting
the same approach (e.g., Aladesuyi et al. 2017; Amrane et al.
2011; Sadik et al. 2013; Sadik et al. 2014).
Materials and methods
Geological setting
Despite the scarcity of kaolins in Tunisia, some kaolin de-
posits exist in different regions: the halloysite of Aïn
Khemouda in the central part of Tunisia (Jamoussi 2001;
Delphine 2004), the kaolinitic clays of the Numidian Flysch
in the far North of Tunisia (Ilavsky 1966; Rouvier 1967, 1994;
Jamoussi 2001), and the volcano-sedimentary deposits of
Tamra Basin (Ilavsky 1966; Rouvier 1967; Dermech 1990).
The most significant reserves of kaolin in Tunisia belong to
the Numidian Flysch.
The (SB) clay, studied in this work, is from Sidi Bader
quarry that is situated about 4 km away from Tabarka town
to the east (Fig.1). It’s located in Touila Mountains. This de-
posit belongs to the Numidian Flysch which presents the main
outcrop of the extreme north Tunisian, formed by sandstones
and argillites. The Numidian Flysch was formed in a complex
of large channels at turbidity filled with high density, observ-
able along several tens of kilometers (Yaich et al. 2000). The
origin of the flysch sediments has been frequently debated.
Based on the presence of current wrinkles in the Numidian
formations (Wildi 1983; Parize et al. 1986; Talbi 1998), it is
estimated that these sediments are from northern sources and
Fig. 1 The geographic location of Sidi Bader quarry (Mahmoudi et al.
2016) modified
1595    Page 2 of 10 Arab J Geosci (2021) 14: 1595
this hypothesis has been approved by the recent works of
(Fildes et al. 2009).
The (SB) samples of Oligocene-Lower Miocene age used
in this study are collected in an alternance of white to beige
clays and sandstone intercalation of the quarry (Fig. 2).
Methods
The chemical analysis of the raw materials is performed by X-
ray fluorescence using S8 Tiger apparatus, the results are
expressed as the percentage of concentration of all oxides of
each element, and the loss on ignition is measured with calci-
nation at 1000 °C.
The X-ray diffraction data are carried out using a
PANalytical X'Pert Pro Diffractometer (Cu-Kα radiation, λ
= 1.5418 Å, 2 range 5–70°). The relative amount of phases
was estimated using the application EVA of DIFFRAC plus
software (Bruker) (Serna et al. 2014).
The di f fe ren t ia l thermal ana lys i s (DTA) and
thermogravimetry analysis (TGA) of the raw materials are
run using Linseis apparatus, and dilatometry is realized using
DIL 801L apparatus.
Fired specimens are tested for bulk density BD (g/cm3)
which is massively divided by bulk volume and open porosity
OP (%) which is an open pore volume as a percentage of bulk
volume and shrinkage S (%). Bulk density and open porosity
are measured by using the hydrostatic method according to the
standard and calculated by using the following equations:
BD g=cm3
  ¼ Dry Weight
Soaked Weight–Suspended Weightð Þ ð1Þ
OP %ð Þ ¼





Shrinkage (%) is calculated using the dimensions of the
materials before and after heat treatment using the following
equation:
S %ð Þ ¼ Ls−Lc
Ls
x 100 ð3Þ
where Ls is the height of the raw specimens and Lc is the
height of the fired specimens.
The compressive strength is determined by uniaxial com-
pression until the failure of specimens using a TONI Technik
apparatus; the charge of compression is 50 kNwith 1 kN/s as a
compression rate. The refractoriness under load test of the
refractory manufactured pellets is realized according to the
EN ISO 1893; cylindrical pellets (Ø 50 cm× H 50 cm) cut
from the refractory bricks made with the optimized mixtures
M1 and M2 are subjected to a load of 2 kg/cm2 of the section
of the tested pellets with temperature variation. The apparatus
is equipped with a recorder which tracks the dimensional var-
iations of the specimens as the function of the temperature and
gives a curve (Amrane 2012).
Preparation of the refractory pellets
The first experimental tests are carried out to (i) evaluate the
thermal and mechanical behavior of the clays and (ii) to opti-
mize a good chamotte based on (SB) clay. As a first step, raw
(SB) clay and (AS) commercial kaolin are crushed into fine
particles (<400 μm), and uniaxially shaped using a hydraulic
press into cylinder specimens (Ø 3 cm × H 3 cm). They are
sintered from 1350 to 1550 °C for 1 h; the heating rate is 5
°C/min. A second batch of cylinder specimens based on (SB)
clay is sintered at 1350 and 1500 °C varying calcination cycle
2, 4, and 6 h at 2 °C/min as a firing rate. The best (SB)
chamotte grog is obtained after sintering at 1500°C for 6 h
at 2 °C/min as firing rate of cubic specimens (7×7×7 cm) is
based on (SB) clay. The sintered chamotte is grounded and
sieved into different particle size fractions: course (1–5mm),
middle (100 μm–1mm), and fine (<100 μm) (Table 1).
The specimens elaboration is realized by shaping two op-
timized mixtures (M1) and (M2) where chamotte grog (SB) is
used as a main component: the first mixture (M1) is composed
of 80 wt.% of chamotte grog (SB) and 20 wt.% of (SB) clay as
a binder in crude and fine form; the second mixture (M2) is
Fig. 2 Part of the Numidian Flysch of the Sidi Bader quarry showing
alternating layers of SB clay and sandstone level
Table 1 The particle size
distribution of the
chamotte grog (SB)
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formed with 80 wt.% of chamotte (SB) and 20 wt.% of (AS)
kaolin as a binder in a crude fine form.
These mixtures are moisturized by adding 5 wt.% of water,
shaped into cylinder specimens (Ø 3 cm × H 3 cm) by using
hydraulic press, dried for 24 h at 105 °C, and then, fired at
1350 °C for 2 h.
Results
Clay characterization
Table 2 presents the XRF and XRD results of raw materials.
The SB clay shows a relatively high SiO2 content (61.9%). The
AS clay is relatively richer in Al2O3 (33.4 %) and the loss of
ignition is 12%. The latter material presents higher kaolinite
content. Figure 3 depicts the emplacements of raw materials
according to their silica and alumina amounts, on the binary
silica-alumina diagram showing the fate of the chemical com-
position of raw materials after firing at high temperature
(1550°C), whereas the ternary diagram (SiO2-Al2O3-Oxydes)
in Fig. 4 shows that SB and AS clay are closer to the SiO2-
Al2O3 side than the rest of minerals (Kirabira 2003). According
to Routschka (2004) and Fayyad et al. (2012), the usual refrac-
tory clays have TiO2 content ranging from 1 to 4%, Fe2O3 not
exceeding 2.5%, and (Na2O+K2O+CaO+MgO) not exceeding
6%. The nature and the quality of those impurities will control
the melting point and the quantity of liquid phase after firing.
According to the chemical composition results, SB clay and AS
kaolin are suitable to be used in low alumina refractory bricks
manufacturing (ISO 10081) due to their low amounts of iron
oxide, TiO2 and K2O. Therefore, the relatively important
amount of alumina in AS clay will improve the mechanical
and pyroscopic behavior of the SB clay by increasing mullite
amount (Bouzidi 2012) relying on the fact that the relatively
high mechanical properties of refractory products are essential-
ly due to their mullite-composed structure (Sadik et al. 2013).
The mineralogical composition of raw materials presented
by XRD patterns (Fig. 5) and semi-quantitative analysis
(Table 2) shows that the identified mineral phases of SB clay
are kaolinite (55%), illite (9%), quartz (34%), and anatase
(3%) whereas the identified mineral phases of AS kaolin are
kaolinite (85%), illite (8%), quartz (7%), and anatase (4%).
The presence of quartz, illite, and anatase in the raw materials
explains the presence of SiO2, K2O, and TiO2, respectively, in
agreement with the chemical composition.
The DTA/TGA analysis of SB and AS clays shows a rel-
atively close behavior. Figure 6 presents the (DTA/TGA)
curves of SB clay. The following data are observed: (i) endo-
thermic peak between 60 and 100 °C accompanied by the
release of absorbed and interlayer water, (ii) endothermic peak
between 500 and 550 °C corresponding to the dehydroxyl-
ation of kaolinite, and (iii) exothermic peak between 900
and 1000 °C corresponding to the structural reorganization
of kaolinite. The losses on ignition of SB clay and AS kaolin
are almost 8% and 11%, respectively.
The dilatometric curve of SB clay (Fig. 7) shows expansion
from 20 to 500 °C followed by alpha and beta quartz trans-
formation at 570 °C (Jouenne 1990). The expansion of the SB
clay is almost 0.5% and the shrinkage is about 3%.
Chamotte optimization
As a first step, SB clay and AS commercial kaolin are calci-
nated in a temperature ranging from 1350 to 1500 °C for 1 h,
Table 2 The chemical and mineralogical composition of raw materials
Chemical composition (wt.%) Mineralogical composition (%)
SB AS SB AS
SiO2 61.9 49.4 Kaolinite 55 85
Al2O3 23.6 33.4 Illite 9 8
Fe2O3 1.8 1.6 Quartz 34 7
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Fig. 3 Studied raw materials locations in the binary silica-alumina dia-
gram (modified) (Routschka 2004)
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with 5 °C/min as firing rate. To optimize a good chamotte, SB
clay was, then, heated at high temperature (1500 °C) for 2, 4,
and 6 h with 2°C/min as firing rate. For SB clay, the experi-
mental observations of the first firing cycle have shown that
calcination in the first temperature range (1350–550 °C) caused
cracks and the expansion of the pellets at 1400 °C (Fig. 8). The
result of characterizations (Table. 4) shows the increase of the
open porosity to 29.6% and the decrease of the cold crushing
strength from 38.2 to 21.3 MPa. When we vary the duration of
the calcinations cycle (2, 4, and 6 h), the open porosity and cold
crushing resistance gradually decrease to 8% and 14.71 MPa,
respectively. The bulk density maximum is at 1350 °C (2.11
g/cm3) but decreases gradually when firing time and heating
temperature increase, the same for the shrinkage that becomes
negative (expansion) from 1400 °C (Table 3).
Discussions
Physical properties
The degradation of the properties of SB clay during the first
and the second firing cycles is probably related to (i) the ap-
pearance of cristobalite which hinders the densification of the
components according to (Zawrah and Hamzawy 2002 and
El-Kheshen and Zawrah 2003) and (ii) the appearance of the
amorphous phase. This is approved by the XRD analysis
which shows the increase of the mullite and cristobalite
contents at 1400 °C explaining the cracking and the expansion
of the pellets. The amount of the amorphous phase increases
and reaches its maximum 80 wt.% after heating at 1500 °C for
6 h explaining possibly the decrease in porosity at this stage.
In general, the appearance of the amorphous phase improves
the densification as the apparent density increases with firing
temperature because of highly viscous silica formation (Sadik
et al. 2014). The increase in sintering temperature causes the
increase in bulk density, shrinkage, and cold crushing strength
out of mullite synthesis and the decrease in open porosity.
However, the surface defect appearing at calcinations temper-
ature exceeding 1350 °C for SB clay could be related to the
deterioration of crystalline phases and the development of
vitreous matrix. Moreover, the shape of some cracks suggests
a problem of molding pressure.
For the AS commercial kaolin, heating test proves that
shrinkage values are relatively important, due to the relatively
high amount of kaolinite (85%), reaching a maximum of
23.7% at 1350 °C. At higher temperature, lower linear defor-
mation is observed (11.5% at 1550 °C). The open porosity
slightly increases with temperature (from 3.1% at 1350 °C to
3.7% at 1550 °C). The studied specimens show a similar me-
chanical behavior at temperature below 1400 °C (37 MPa).
On the other hand, bulk density obtained at the same range is
around 2.18 g/cm3 when it is higher at lower temperatures.
This is related to the development of the vitreous amorphous
phase (Sadik et al. 2014) as reported by the XRD analysis
(Table 4).
Fig. 4 Ternary diagram of SiO2-
Al2O3-Oxides, showing the
locations of SB, AS clays and the
European commercially marketed
kaolins (Kirabira 2003)
Page 5 of 10     1595Arab J Geosci (2021) 14: 1595
Position [°2Theta] 
10000



























































































































































































































































































































Fig. 6 DTA/TGA curves of SB clay Fig. 7 The dilatometry curve of SB clay
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These results affirm the increase of mullite content from
42% at 1350 °C to 43% at 1550 °C; the cristobalite content
goes down sharply from 16% at 1350 °C to 1% at 1550 °C,
while amorphous phase rises from 40 to 56% which is less
than SB clay because of the less silica amount in the AS clay.
All the results assert that the AS clay is fully densified and less
porous than SB clay; moreover, it presents a sufficient thermal
and mechanical behavior; accordingly, it is suitable to be
added to the SB clay to improve its thermal and mechanical
behavior in order to elaborate the refractory final specimens.
Based on previous results, firing SB clay at 1500 °C for 6 h
with 5 °C/min as firing rate is selected as a suitable condition
to elaborate stable chamotte to ensure the stability of the re-
fractory bricks and approximate the industrial experimental
procedure.
The pre-calcinated chamotte at 1500 °C for 6 h is crushed
(75%main particle size 1–5mm, Table 1). The refractory final
specimens (Fig. 9) are manufactured by using the optimized
two mixtures M1 and M2 and sintered at 1350 °C for 2 h.
Refractory pellets properties
Table 4 summarizes the technological properties of the SB
and AS based on cylindrical refractory pellets formulated
by the mixtures M1 and M2. The obtained results are
almost similar for both mixtures, except for the cold
crushing strength which increases to 44 MPa for M2
compared to 36 MPa for M1. This is caused by the addi-
tion of 20% of the AS, clearly richer in silica and alumina
amounts when compared to SB. This should improve the
mullite content (± 5%) in accordance with the mineralog-
ical analysis (± 4%) which shows that the mullite content
in M1 is 25% as much as it is 28% for M2. The bulk
density of the manufactured refractory pellets is almost
the same (2 g/cm3). The addition of SB chamotte helps
in reducing the shrinkage to almost 3%. The open poros-
ity is relatively high for M1 and M2 with 19% and 20%,
respectively, because of the dominance of the coarse
phase. Compared to other research works carried out on
refractory silica-alumina bricks such as Seynou et al.
(2013) and Routschka (2004) shown in (Table 4), the
refractory elaborated pellets properties are sufficient and
the obtained results are almost within the standards range.
Thermo-mechanical properties
The commercial kaolin (AS) ameliorates some properties, es-
sentially the mechanical and thermal ones. The cold crushing
strength soars from 36 to 44MPa. The bulk density is almost 2
g/cm3. The use of chamotte SB as the main component, in
both mixtures, helps decrease shrinkage to 2.8%. Besides,
the refractoriness under load, which is the resistance of refrac-
tory material to deformation when heated at high temperature
(Fayyad et al. 2012), is tested at 0.2 N/mm2 to assess their
softening at high temperature. Both M1 and M2 refractory
specimens are evaluated and the results are illustrated in
Table 3.
The temperature ISO (T0.5) is the beginning of the
softening of the refractory specimens. It corresponds to
1198 °C for M1 and 1213 °C for M2. The temperature
T5 is the beginning of failure when the refractory speci-
men is not able to resist under this temperature. It corre-
sponds to 1364 °C for M1 and 1384°C for M2. The re-
fractoriness under load depends, mainly, on the properties
of the fired bricks and, in particular, on the porosity:
when porosity increases, refractoriness decreases.
Referring to Shaw (1972) and Galdina (1983), the me-
chanical properties of fire-clay refractory bricks depend
on the chemical and mineralogical composition of the
raw materials and porosity of the produced bricks. Most
fluxing materials such as alkalis, earth’s alkaline, iron
oxide, and manganese oxide, which are usually present
in small amounts in fire clay, tend to decrease the resis-
tance of the refractory bricks to deformation under load.
The temperature of deformation of fireclay refractories
increases with increasing alumina. Porosity, greatly, influ-
ences refractoriness under load values which explains that
for denser bricks, the deformation point occurs at relative-
ly higher temperature. Therefore, these obtained results
confirm that the possibility of using a local kaolinitic clay
Table 3 The
refractoriness under load
results of the refractory








Fig. 8. First sintering cycle of SB clay showing the specimens cracks at
1400 °C
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ameliorated with the addition of a low percentage (20 to
40%) of a substance rich on alumina content instead of
using expensive alumina-rich imported clays might be
economically significant to elaborate silica-alumina
refractories with satisfactory quality and could be able to
meet the Tunisian market needs of refractory materials.
Conclusions
This work deals with the valorization of the Sidi Bader (area
of Tabarka, North West Tunisia) kaolinitic clay in refractory
silica alumina bricks. The chemical and mineralogical com-
position of the investigated raw materials shows alumina con-
tent between 20 and 35% and silica content less than 65%,
while the mineralogical composition consists mainly of kao-
linite associated with illite, quartz, and anatase. Commercial
alumina-rich clay (AS) is added to the Sidi Bader clay. The
characterization and optimization results of the chamotte grog
provide a less dense and more porous chamotte, but mineral-
ogically stable by sintering the Sidi Bader clay for 6 h at 1500
°C. The characterization of the refractory specimens
manufactured using two mixtures M1 (80 wt.% of chamotte
grog (SB) and 20 wt.% of (SB) clay as a binder in crude fine
form) andM2 (80 wt.% of chamotte (SB) and 20wt.% of (AS)
kaolin as a binder in crude fine form) displays that the results
are almost within the international standards. The AS kaolin























SB clay 1h at 1350 °C 4.7 2.1 12.5 38.2 26.0 15.9 6.9 51.0
1h at 1400 °C 2.5 2.0 20.8 32.0 26.7 16.2 4.8 52.0
1h at 1450 °C −2.2 1.8 24.8 27.1 25.1 10.7 5.8 61.0
1hour at 1500 °C −4.3 1.8 25.0 26.0 24.1 3.8 1.2 71.0
1 hour at 1550 °C −5.3 1.8 29.6 21.3 22.4 2.3 0.0 75.0
2 hours at 1500
°C
−3.7 1.8 14.8 20.5 20.3 1.2 0.4 78.0
4 hours at 1500
°C
−4.4 1.8 10.3 18.6 21.1 2.1 0.6 76.0
6 hours at 1500°C −6.9 1.8 8.0 14.7 19.4 0.8 0.2 80.0
AS kaolin 1 hour at 1350 °C 23.7 2.6 3.1 37.9 41.7 15.8 2.8 40.0
1 hour at 1400 °C 18.5 2.6 3.2 36.7 41.0 13.3 1.8 44.0
1 hour at 1450 °C 15.9 2.4 3.3 35.4 40.6 3.7 1.2 55.0
1hour at 1500 °C 11.9 2.2 3.6 27.2 43.5 0.7 0.0 56.0
1 hour at 1550 °C 11.5 2.2 3.7 27.0 43.3 0.4 0.0 56.0
Mixture
(M1)
2 hours at 1350
°C
2.7 2.0 19.6 35.7 25.4 25.7 2.0 47.0
Mixture
(M2)
2 hours at 1350
°C
2.7 2.0 18.6 43.9 28.9 25.3 1.3 47.0
Seynou et al.
(2013)
1.0 1.8 29.9 17.5
Routschka
(2004)
0-1 2 1.0-18 35-90
Fig. 9 The refractory specimens elaborated using mixtures M1 and M2
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addition to the main mixture ensures its mechanical and ther-
mal behavior. However, those bricks are likely to be used in
pizza and bread ovens construction. The obtained results are
highly encouraging, but further investigation is necessary to
refine this potential valorization. Adding more than 20% of
alumina-rich clay will possibly yield better results.
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